Phenytoin alters Purkinje cell axon morphology and targeting in vitro.
In adult mice, administration of the anticonvulsive drug phenytoin caused focal swellings along the Purkinje cell axon correlated with ataxia and incoordination of movements. In our model, we used murine cerebellar slice cultures to study the influence of phenytoin on postnatal Purkinje cell axon differentiation. Almost all of our untreated cultures developed to mature-like cerebellar tissue. Immunohistochemistry with anti-calbindin-D28k or UCHTI (anti-CD3) antibodies revealed numerous Purkinje cell axons in the white matter. In the area of the deep cerebellar nuclei, immunolabelled axons formed a large axonal plexus. The few neurofilament-positive neurons in this area were densely covered with Purkinje cell axon terminals. The synaptophysin immunoreactivity revealed connections between the terminals and the neurons of the deep cerebellar nuclei. Treatment of cerebellar slice cultures with phenytoin (10-80 microM) for 10-16 days resulted in focal swellings of different size along the axon. The number of swellings increased with an increasing dosage. At concentrations of 40 microM phenytoin, Purkinje cell axons seemed to be unable to invade the deep cerebellar nuclei, but numerous aberrant, recurrent collaterals could be detected immunohistochemically with the two specific Purkinje cell antibodies. Possible cytotoxic effects after treatment, such as dendritic degeneration and a decrease in the number of immunolabelled Purkinje cells, were observed above 40 microM phenytoin. These data suggest that the response of juvenile Purkinje cells is dependent upon the dosage of the antiepileptic drug because of morphological alterations as well as a misrouting of previously established connections.